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(54) Intercooler for an engine 

(57) An intercooler for an engine comprises a first 
tanl< part (11 2) with an inlet area (1 30) and an outfet area 
(134); a second tanl< part (14); and a heat exchanger 
part (16) comprising a number of ducts that communi- 
cate at one end with said first tank part (112) and at the 
other end with said second tank part (14), said inlet and 
outlet areas (1 30, 1 34) each being associated with a re- 



spective number of ducts (22^, 224) of said heat ex- 
changer part (16). The intercooler further comprises by- 
pass and flow control means in said first tank part (112) 
operable to direct a flow of air from said inlet area (1 30) 
to said outlet area (134) without flowing through said 
heat exchanger part (1 6) and for controlling the flow rate 
through said heat exchanger part (1 6). 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to an 
intercooler for an engine. 

BACKGROUND OF THE INVENTION 

[0002] intercoolers are conventionally used in turbo- 
charged or supercharged engines to cool down the 
charge air before it enters the combustion chambers. 
An intercooler is thus generally inserted between the 
outlet of the turbocharger, or supercharger respectively, 
and the Intake manifold. 

[0003] Depending on the engine operating conditions, 
it may be desirable to bypass the Intercooler, to take ad- 
vantage of the hot temperature of the compressed in- 
take air exiting the turbocharger. 
[0004] It is known to bypass an intercooler by provid- 
ing a bypass duct that is connected upstream and down- 
stream of the intercooler. A bypass valve arranged in 
the bypass duct allows to control the flow rate of intake 
air that bypasses the intercooler. Such an arrangement 
requiring a specific bypass duct and an associated by- 
pass vatve is complicated and requires an expensive 
design for the bypass duct. In engines equipped with an 
EGR (Exhaust Gas Recirculation) system, it is also 
known to provide a so-called MRVR (manifold vacuum 
regulating valve) at the exit of the intercooler, to control 
iho pressure downstream of the intercooler and thereby 
influence the rate of EGR in the engine. The MVRV Is 
also used during engine shut-off to hinder the flow of air 
sc as to strangle the engine. To meet all these functions, 
the bypass duct needs to merge in the intake duct down- 
stream of the MVRV. This complicates the packaging of 
the bypass duct. 

[0005] US 5,632,256 discloses an Intercooler having 
a first tank part with an inlet and an outlet chamber, a 
second tank part, and a heat exchanger part extending 
between the first and second tank parts. The heat ex- 
changer part comprises a plurality tubes for cooling the 
c^argc air flowing therethrough, each of the Inlet and 
olUc: chambers being associated with a respective 
number of lubes. The second tank part is designed in 
SLCh a way as to direct air coming from the tubes asso- 
cidicd with the inlet chamber into the tubes associated 
with the outlet chamber, so that the charge air follows a 
U-shaped flow path within the intercooler. The first tank 
part IS provided with an adjustable flap, which in its 
closed position separates the inlet chamber from the 
outlet chamber. When this flap is moved into its open 
position, charge air entering the inlet chamber can di- 
rectly flow to the outlet chamber, so as to bypass the 
heat exchanger part of the intercooler. In order to be ca- 
pable of completely closing the flow of charge air 
through the heat exchanger, the second tank part is also 
provided with such an adjustable flap. 



[0006] Using the Intercooler of US 5,632,256 allows 
avoid the complex, space consuming conventional ar- 
rangement consisting of a separate bypass duct and as- 
sociated switching means. However, It requires a sub- 
5 stantlal modification of the intercooler structure as well 
as flap actuating means about the first and second tank 
parts. 

OBJECT OF THE INVENTION 

10 

[0007] The object of the present invention is to provide 
an alternative, more compact intercooler for an engine. 
This object is achieved by an intercooler as claimed in 
claim 1 . 

15 

SUMMARY OF THE INVENTION 

[0008] An intercooler according to the present Inven- 
tion comprises a first tank part with an Inlet area and an 

20 outlet area, and a second tank part. The Intercooler fur- 
ther includes a heat exchanger part comprising a plural- 
ity of ducts that communicate at one end with the first 
tank part, and at the other end with the second tank part; 
the inlet and outlet areas of the first tank part each being 

25 associated with a respective number of ducts of the heat 
exchanger part. 

[0009] According to an important aspect of the inven- 
tion, the first tank part further includes bypass and flow 
control means operable to direct a flow of air from the 

30 Inlet area to the outlet area without flowing through the 
heat exchanger part and for controlling the flow rate of 
air through the heat exchanger part. 
[0010] Hence, the present intercooler has bypass and 
flow control means integrated in the first tank part, so 

35 that there is no need to provide a flap in the second tank 
part nor actuating means for actuating such a flap. This 
allows for a more compact arrangement of the intercool- 
er in the engine compartment than that of the intercooler 
of US 5,632,256. The bypass and flow control means 

40 allow to operate the intercooler in a cooling mode, 
wherein the hot intake air - coming from the compressor 
outlet of the turbocharger- circulates through the heat 
exchanger part and is cooled. The bypass and flow con- 
trol means also allow operation of the intercooler in a 

45 bypass mode, wherein hot intake air entering the inlet 
area is directed to the outlet area without flowing through 
the heat exchanger part, so that it is not cooled in the 
intercooler. Hence, hot intake air is admitted in the en- 
gine cylinders, which can be of interest for heating-up 

so the engine more quickly. Furthermore, bypassing the In- 
tercooler results in a temperature increase of the ex- 
haust gases, which is interesting for Diesel Particulate 
Filter regeneration, as the hot exhaust gas temperature 
is required to bum the particulates collected in the filter 

55 via post-injection. Depending on the design of the by- 
pass and flow control means, it is also possible to only 
partially bypass the heat exchanger, so that a tempera- 
ture controlled air is delivered by the outlet area. 
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[001 1] According to a first design type, the intercooler 
is configured so that the intake air makes two passages 
through the heat exchanger part, thereby following a U- 
shaped flow path. The second tank part is configured to 
divert the airflow conning from the ducts associated with 
the inlet area to the ducts associated with the outlet ar- 
ea. 

[0012] In a first embodiment of this first design type, 
a partition wall divides the inlet area into an upstream 
chamber with an inlet duct and a downstream chamber 
in communication with the associated ducts of the heat 
exchanger part. The bypass and flow control means 
comprise a bypass valve arranged so that, in its open 
position, the upstream chamber communicates with the 
outlet area; and in its closed position all airflows through 
the heat exchanger part. The bypass and flow control 
means further Include a flow control valve arranged in 
the partition wall. 

[0013] In a second embodiment, a partition wall di- 
vides the outlet area in a downstream chamber with an 
outlet duct and an upstream chamber in communication 
with the associated ducts of the heat exchanger part. 
The bypass and flow control means comprise a bypass 
valve arranged so that, in its open position, the upstream 
chamber communicates with the inlet area. The bypass 
and flow control means further include a flow control 
valve arranged in the partition wall. 
[001 4] Both these embodiments thus allow a compact 
arrangement of the intercooler in the engine compart- 
ment, since the valves are Integrated in a single tank 
part, and no actuating means are required in the vicinity 
of the second tank part. In addition, this allows for a very 
basic design of the second tank part, which only serves 
as flow diverting area so that the intake air follows a U- 
shaped flow path in the heat exchanger part. 
[0015] According to a second design type, the inter- 
cooler Is designed so that intake air makes four passag- 
es through the heat exchanger part. Therefore, the first 
tank part preferably further includes a flow diverting area 
associated with a first nuniber of ducts and a second 
number of ducts of the heat exchanger part, so that air 
arriving from the first number of ducts is diverted to the 
second number of ducts. The second tank part compris- 
es a first flow diverting area for directing an air flow ar- 
riving from the ducts associated with the inlet area into 
the first number of ducts; and a second flow diverting 
area for directing an air flow arriving from the second 
number of ducts to the ducts associated with the outlet 
area. 

[001 6] According to a first embodiment of the second 
design type, the bypass and flow control means Include 
a bypass valve operable to allow an air flow to pass from 
the Inlet area to the outlet area without flowing through 
the heat exchanger part. The bypass and flow control 
means further comprise a flow control valve arranged in 
the flow diverting area in the first tank part and operable 
to control the rate flow of air through the heat exchanger 
part. A first partition wall divides the flow diverting area 



in the first tank part into an upstream chamber in com- 
munication with the first number of ducts and a down- 
stream chamber in communication with the second 
number of ducts. The flow control valve is arranged in 

5 this first partition wall. 

[0017] This is an even more compact design of the 
first tank part, since the flow control valve is not anymore 
arranged in the inlet or outlet area with the bypass valve, 
but in the separate flow diverting area of the first tank 

10 part. Furthermore, this embodiment allows to strangle 
the engine during shut-off, by closing both the bypass 
vah^e and flow control valve. 

[0018] In a second embodiment, the bypass valve is 
arranged in a second partition wall separating the inlet 
IS area from the outlet area, this second partition wall being 
aligned with the first partition wall. Hence, the bypass 
and flow control valves are arranged in a same wall por- 
tion, which facilitates the actuation of the valves and the 
design of the actuation means. In this connection, the 
bypass valve and the flow control valve preferably are 
flap valves which are mounted on a same actuating 
shaft, both flap valves being arranged at 90'' with re- 
spect to each other on the shaft. This thus allows con- 
trolling the bypass and flow control valves by means of 
a single actuating shaft, therefore requiring only one ac- 
tuator that can be Installed outside the intercooler. It will 
be understood that due to the offset between the flaps, 
when the bypass valve Is closed the flow control valve 
is open, and vice versa. 

[0019] In a third embodiment, a partition wall sepa- 
rates the flow diverting area from the inlet and outlet ar- 
eas. The bypass and flow control means advantageous- 
ly comprise a moveable wall part of the partition wall. In 
a default, closed position, the moveable wall part is 
aligned with the partition wall and the Intercooler oper- 
ates in the cooling mode. The moveable wall part can 
be moved into an open position in the flow diverting ar- 
ea, to allow intake air to flow from the inlet area to the 
outlet area via the flow diverting area, while simultane- 
ously hindering the flow of air from the first number of 
ducts to the second number of ducts. In this embodiment 
only one flap is required to open the bypass and block 
the flow of air through the heat exchanger part. 
[0020] In the second and third embodiments, the 
counterpart of the simple bypass and flow control means 
is that engine strangling is not possible. They can thus 
be used in case strangling by the intercooler is not re- 
quired. 

[0021] Actuation of the bypass valve, flow control 
valve, or the moveable wall part is preferably done my 
means of actuators mounted to the external walls of the 
first tank part. The actuators may be provided with po- 
sition sensors to allow closed loop control. 
[0022] The intercooler may be provided with temper- 
ature control means for actuating the bypass and flow 
control means. Such a temperature control means will 
thus control the different flaps in such a way that the air 
flow exiting the intercooler has a temperature corre- 
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spending to a desired temperature. 
[0023] In order to strangle the engine during shutt-off , 
the bypass and flow control valves should preferably be 
designed so as to tightly seal In their closed position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The present invention will now be described, 
by way of example, with reference to the accompanying 
drawings, in which: 

FIG.1 : is a schematic exploded view of an intercool- 
er according to the invention; 

FIG.2: is a perspective view -from below- of a first 
embodiment of a first tank part, with the bypass 
valve closed and the flow control valve open; 

FIG. 3: is a perspective view showing the inner 
structure of the first tank part of Fig. 2 assembled to 
the heat exchanger part, with the bypass valve open 
and the flow control valve closed; 

FIG. 4: is a perspective view -from below- of a sec- 
ond embodiment of a first tank part, with the bypass 
valve closed and the flow control valve open; 

FIG.5: is a perspective view showing the inner 
structure of the first tank part of Fig.4 assembled to 
the heat exchanger part, with the bypass valve open 
and the flow control valve closed; 

FIG. 6: is a perspective view -from below- of a third 
embodiment of a first tank part, configured for op- 
eration in the cooling mode; 

FIG.7: is a perspective view showing the inner 
structure of the first tank part of Fig.6 assembled to 
the heat exchanger part, configured for operation in 
the bypass mode. 

DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

[0025] Three embodiments according to a preferred 
design of the present inter-cooler will now be described 
in more detail. As shown in Fig.1 , the intercooler 10 com- 
prises a first tank part 12, a second tank part 14 and a 
heat exchanger part 16. The first tank part 12 has an 
inlet duct 18 for receiving hot, compressed intake air 
from a turbocharger compressor outlet and an outlet 
duct 20 for delivering cooled intake air to an engine in- 
take manifold. 

[0026] It is to be noted that in the three embodiments 

described herebelow, intake air to be cooled in the in- 
tercooler 1 0 makes four passages in the heat exchanger 
part 16. Therefore, the heat exchanger part 16 is shown 
in the Figures as having a housing 17 divided into four 



6 

sections 22i...224. However, it is to be' noted that, al- 
though not shown, each of these sections 22^...224. 
comprises a plurality of longitudinally arranged tubes 
that allow transferring intake air between the first and 
5 second tank parts 12 and 14. In addition, the heat ex- 
changer part 16 is designed in such a way that air can 
flow therethrough e.g. in the direction of arrow 24, and 
thus between the ducts, so as to cool the intake air cir- 
culating through the ducts in each section 22j. 
10 [0027] The second tank part 14 is designed so as to 
comprise two flow diverting areas 26 and 28. From Fig. 
1 it can cleariy be seen that, due to the configuration of 
the second tank part 1 4, an airflow arriving in the second 
tank part 14 from the ducts of the first section 22^ will 
15 be diverted into the ducts of the second section 222- 
Moreover, an air flow arriving from the ducts of the third 
section 223 will be diverted into the ducts of the fourth 
section 224. This is simply done by providing in the sec- 
ond tank part 14 a fixed partition wall 29 dividing it into 
20 the two areas 26 and 28, the area 26 being in commu- 
nication with the ducts of the first 22^ and second 222 
sections and the area 28 being in communication with 
the ducts of the third 223 and fourth 224 sections. 
[0028] It will be appreciated that the present intercool- 
25 er 10 includes a first tank part 12 that is provided with 
bypass and flow control means operable to bypass the 
heat exchanger part and for controlling the flow rate of 
air through the heat exchanger part. As will be ex- 
plained, this allows operating the intercooler in a cooling 
30 mode, wherein the intake air entering the inlet area flows 
through the heat exchanger part 1 6 to be cooled; and in 
a bypass mode, wherein the intake air is directed from 
the inlet area to the outlet area without circulating 
through the heat exchanger part 1 6. 
[0029] The three different embodiments of the first 
tank part 12 will now be described in detail with respect 
to Figures 2 to 7. 

[0030] Figures 2 and 3 show a first embodiment of a 
first tank part 1 1 2. It comprises an Inlet area 1 30 with an 
inlet duct 118 and an outlet area 1 34 with an outlet duct 
120. It will be understood that, when this first tank part 
112 is mounted on the heat exchanger part 1 6 in the way 
shown In Fig.1, the inlet area 130 is in communication 
with the ducts of the first section 22^ and the outlet area 
1 34 is in communication with the ducts of the fourth sec- 
tion 22^. The first tank part 112 further Includes a flow 
diverting area 1 38 that is associated with the ducts of 
the second 223 and third 223 sections of the heat ex- 
changer part 16. 

[0031 ] The flow diverting area 1 38 is divided by a hor- 
izontal, first partition wall 140 into an upstream chamber 
142 in communication with the ducts of the second sec- 
tion 222 ^ downstream chamber 144 in communi- 
cation with the ducts of the third section 223. The inlet 
area 1 30 and outlet area 1 34 are separated by a second 
partition wall 146. A central longitudinal wall 147 sepa- 
rates the iniet and outlet areas 130, 134 from the flow 
diverting area 1 38. 
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[0032] It will be appreciated that the bypass and flow 
control means provided In the first tank part 112 com- 
prise a bypass valve arranged In the second partition 
wall 146 and a flow-control valve arranged In the first 
partition wait 140. The bypass valve Is preferably in the 
form of a circular flap valve 1 48 mounted on a shaft 1 50 
and operable to either close or open a circular opening 
152 in the second partition wall 146, to allow intake air 
to directly flow from the inlet area 130 to the outlet area 
134. 

[0033] The flow control valve is preferably in the form 
of a circular flap valve 154 mounted on a shaft 156 and 
operable to either close or open a circular opening 1 58 
in the first partition wall 140, so as to control the flow 
rate of intake air through the heat exchanger part 16. 
[0034] In Fig.2, the bypass valve is closed and the 
flow control valve Is open, so that Intake air entering the 
inlet area 130 flows through the ducts of the first, sec- 
ond, third and fourth section 22^. ..224 to the outlet area 
134. By flowing through the ducts of the different sec- 
tions, hot intake air is cooled by the ambient air travers- 
ing the heat exchanger part 1 6 in the direction of arrow 
24 (Fig.1), so that cooled Intake air exists the intercooler 
10. 

[0035] In Fig.3, the bypass valve is open and the flow 
control valve is closed, so that all intake air directly flows 
from the inlet area 130 to the outlet area 134 without 
being cooled in the heat exchanger part 16. 
[0036] It is to be noted that the flow control valve has 
a function equivalent to the so-called MVRV (manifold 
vacuum regulating valve), and thus allows to block the 
flow through the intercooler 10 during engine shut-off. 
Hence, such an implementation does not require a spe- 
cial MVRV housing at the exit of the intercooler, and 
packaging is thus significantly smaller. In addition, the 
integration of both valves in the first tank part Is favora- 
ble in terms of durability since the valves are chassis 
mounted. 

[0037] Actuation of the flaps 1 54 and 1 48 is advanta- 
geously carried out by means of actuators (not shown) 
coupled to the shafts 1 50 and 156 and mounted to out- 
side walls of the first tank part 112. The actuators may 
be provided with position sensors to allow closed loop 
control. 

[0038] To efficiently strangle the engine during shut- 
off, the bypass and flow control valves should preferably 
be designed so as to provide a tight seal in their closed 
position. 

[0039] A second embodiment of the first tank part 212 
is shown In Figures 4 and 5. The first tank part 21 2 com- 
prises an Inlet area 230 with an inlet duct 218 and an 
outlet area 234 with an outlet duct 220. When this first 
tank part 212 Is mounted on the heat exchanger part 1 6 
in the way shown in Fig.1 , the inlet area 230 is in com- 
munication with the ducts of the first section 22^ and the 
outlet area 234 is in communication with the ducts of the 
fourth section 224. The first tank part 212 further in- 
cludes a flow diverting area 238 that is associated with 
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the ducts of the second 222 ^^'''^ ^^3 sections of the 
heat exchanger part 1 6. 

[0040] The flow diverting area 238 Is divided by a first 
partition wall 240 Into an upstream chamber 242 in com- 

5 munication with the ducts of the second section 222 
a downstream chamber 244 in communication with the 
ducts of the third section 223. The inlet area 230 and 
outlet area 234 are separated by a second partition wall 
246. A central longitudinal wall 247 separates the inlet 

10 and outlet areas 230, 234 from the flow diverting area 
238. 

[0041] The bypass valve is preferably in the form of a 
circular flap valve 248 mounted on a shaft 250' and op- 
erable to either close or open a circular opening 252 in 

15 the second partition wall 246, to allow Intake air to di- 
rectly flow from the inlet area 230 to the outlet area 234. 
[0042] The flow control valve is preferably in the form 
of a circular flap valve 254 operable to either close or 
open a circular opening 258 in the first partition wall 240, 

20 so as to control the flow rate of intake air through the 
heat exchanger part 16. 

[0043] As can be seen, the two partition walls 240 and 
246 are aligned, which allows mounting the flap 254 of 
the flow control valve on the shaft 250' on which the flap 

25 248 of the bypass valve Is mounted. The two flaps 248 
and 254 are arranged at gO"" with regard to each other, 
so that when the bypass flap 252 Is In the closed posi- 
tion, the flow-control flap 254 is open, and vice versa. 
[0044] This implementation thus allows controlling 

30 both flaps 252 and 254 with a single actuating shaft, and 
thus requires only one actuator. 

[0045] Regarding the first and second embodiments 
of Figs .2 to 5 jt will be noted that if a precise actuation 
is required, the valve openings may each be provided 

35 with a short duct and the respective flaps mounted 
therein. Such a short duct is designed in such a way that 
the flap valve mounted therein follows a spherical bore, 
thereby allowing a progressive control. 
[0046] Turning now to Figures 6 and 7, a third embod- 

40 iment of a first tank part 312 to be used in the present 
intercooler is shown. The first tank part 312 comprises 
an inlet area 330 with an inlet duct 318 and an outlet 
area 334 with an outlet duct 320. When this first tank 
part 312 is mounted on the heat exchanger part 1 6 in 

45 the way shown in Fig.1 , the inlet area 330 is in commu- 
nication with the ducts of the first section 22 ^ and the 
outlet area 334 is in communication with the ducts of the 
fourth section 224. The first tank part 312 further in- 
cludes a flow diverting area 338 that is associated with 

50 the ducts of the second 222 ^^■''^ ^3 sections of the 
heat exchanger part 16. 

[0047] As can be seen, the inlet area 330 and outlet 
area 334 are separated by a first partition wall 340. The 
first tank part 31 2 further includes a longitudinal partition 
55 wall 342 that separates the inlet and outlet areas 330, 
334 from the flow diverting area 338. 
[0048] It will be appreciated that the bypass and flow 
control means comprise a moveable wall portion 344 of 
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the longitudinal partition wall 342. that is operable as a 
flap by means of a shaft 346. 

[0049] When the moveable wall portion 344 is in the 
default, closed position of Fig. 6, I.e. aligned with the wall 
342, the intercooler 10 operates in the cooling nnode: 
intake air entering the inlet area 330 maizes four pas- 
sages through the heat exchanger part 1 6 before reach- 
ing the outlet area 334. 

[0050] As will be understood from Fig.7, the moveable 
wall portion 344 can be rotated in the flow diverting area 
338 into an open position so as to hinder the communi* 
cation between the ducts of the second 222 ^^^^ 
223 sections and the flow diverting area 338. Hence, in 
the configuration of Fig.7, theflow of alrthough the heat 
exchanger part 16 is prevented by the moveable wall 
portion 344. Bringing the moveable wall portion 344 in 
this open position also enables communication between 
the Inlet area 330, outlet area 334 and the flow diverting 
area 338, so that an air flow entering the inlet area 330 
flows to the outlet area 334 via the flow diverting area 
338, without circulating through the heat exchanger part 
16. 

[0051] Actuation of the moveable wall portion 344 is 
preferably achieved by means of an actuator (not 
shown) coupled to the shaft 346 and mounted on the 
external walls of the first tank part 312. Alternatively, the 
moveable wall portion 344 may be cam driven, compro- 
mising on a slow opening but allowing a rapid spring 
controlled return to default position (aligned with the par- 
tition wall 342 for cooling). 

[0052] It remains to be noted that in the presented em- 
bodiments, it is possible to control the bypass and flow 
control means in such a way as to completely, partially, 
or not at all cool the hot compressed air entering the inlet 
area. 

[0053] Therefore, the intercooler may include a tenv 
perature control means that is capable of operating the 
bypass and flow control means to deliver an air flow of 
desired temperature. The temperature control means 
may operate in closed loop based on a temperature sen- 
sor or a flap/actuator position sensor 
[0054] The present intercooler, in Its various embodi- 
ments, also proves advantageous in that: 

it is less subject to leakage than the conventional 
structure using a separate bypass duct and an 
MVRV, 

it has an improved vibration resistance since the in- 
tercooler is generally chassis mounted; 

the integration of both bypass and flow control 
valves in the first tank part simplifies packaging and 
leads to a gain of space in the engine compartment; 

it is a cost efficient solution. 
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Claims 

1. An intercooler for an engine comprising: 

a first tank part (12, 112, 212, 312) with an inlet 
area (130, 230, 330) and an outlet area (134, 
234. 334); 

a second tank part (14); 

a heat exchanger part (16) comprising a 
number of ducts {22^... 22^) that communicate 
at one end with said first tank part (12,112,212, 
312) and at the other end with said second tank 
part (14), said inlet and outlet areas (130, 230, 
330; 134, 234, 334) each being associated with 
a respective number of ducts (22.,; 224) of said 
heat exchanger part (16); 

characterized by 

bypass and flow control means in said first tank part 
(12, 112, 212, 312) operable to direct a flow of air 
from said inlet area (130, 230, 330) to said outlet 
area (134, 234. 334) without flowing through said 
heat exchanger part (1 6) and for controlling the flow 
rate through said heat exchanger part (16). 

2. The intercooler according to claim 1 , characterised 
in that 

a partition wall divides said inlet area into an up- 
stream chamber in communication with an inlet duct 
and a downstream chamber in communication with 
said associated ducts of said heat exchanger part; 
said bypass and flow control means include a by- 
pass valve arranged so that, in its open position, 
said upstream chamber communicates with said 
outlet area; and 

said bypass and flow control means include a flow 
control valve arranged in said partition wall. 

3. The intercooler according to claim 1 , cliaracterised 
in that 

a partition wall divides said outlet area into a down- 
stream chamber in communication with an outlet 
duct and an upstream chamber in communication 
with said associated ducts of said heat exchanger; 
said bypass and fk>w control means include a by- 
pass valve arranged so that, in its open position, 
said upstream chamber communicates with said in- 
let area; and 

said bypass and flow control means include a flow 
control valve arranged in said partition wall. 

4. The intercooler according to claim 1 , characterised 
in that 

said first tank part (112, 212, 312) further includes 
aflow diverting area (138, 238, 338) associated with 
a first number of ducts (222) and a second number 
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of ducts (223) of said heat exchanger part (16). so 
that air arriving from said first nunnber of ducts (222) 
is diverted to said second nunnber of ducts (223); 
and 

said second tanl< part (14) comprises a first flow di- 5 
verting area (26) for directing an air flow arriving 
from the ducts (22^) associated with said inlet area 
(1 30, 230, 330) into said first number of ducts (222), 
and a second flow diverting area (28) for directing 
an air flow arriving from said second number of 10 
ducts (223) to said ducts (22^ associated with said 
outlet area (134, 234, 334). 

The intercooler according to claim 4, characterised 

in that is 

said bypass and flow control means include a by- 
pass valve operable to allow an air flow to flow from 
said inlet area (130, 230) to said outlet area (134, 
234) without passing through said heat exchanger 
part (16); and 20 
said bypass and flow control means include a flow 
control valve arranged in said flow diverting area 
(1 38, 238) in said first tank part (112,212) operable 
to control the flow rate through said heat exchanger 
part (16). 25 

The intercooler according to claim 4 and 5, charac- 
terised in that 

a first partition wall (140, 240) divides said flow di- 
verting area (138, 238) in said first tank part (112, 30 
212) into an upstream chamber (142, 242) in com- 
munication with said first number of ducts (222) and 
a downstream chamber (144, 244) in communica- 
tion with said second number of ducts (223); and 
said flow control valve is arranged in said partition 35 
wall (140, 240). 



a short duct is mounted in each valve opening and 
the respective flap valve is mounted in this short 
duct, which Is provided with a spherical bore. 

10. The intercooler according to any one of claims 4 to 
9, characterised in that said bypass valve and flow 
control valve are designed in such a way as to pro- 
vide a tight sealing in their closed position. 

11 . The intercooler according to claim 4, characterised 
In that a partition wall (342) separates said flow di- 
verting area (338) from said Infet and outlet areas 
(330. 334); and 

said bypass and flow control means includes a 
moveable wall part (344) of said partition wall (342), 
that can be moved in said flow diverting area (338) 
to allow air to flow from said inlet area (330) to said 
outlet area (334) via said flow diverting area (338), 
and simultaneously hindering air flow through said 
first and second number of ducts (222; 223). 

12. The intercooler according to any one of the preced- 
ing claims, characterised by temperature control 
means for actuating said bypass and flow control 
means to provide a desired temperature of the air 
flow exiting said outlet chamber (134, 234, 334). 

13. The intercooler according to any one of claims 4 to 
12. characterised In that said an inlet duct 
(1 1 8.21 8, 318) opens into said inlet area (1 30, 230, 
330) and an outlet duct (120, 220, 320) opens into 
said outlet area (134, 234, 334). 



7. The intercooler according to claim 6, characterised 
in that 

a second partition wall (246) separates said inlet ar- 40 
ea (230) from said outlet area (234); 
said bypass valve is an-anged in said second parti- 
tion wall (246); and 

said second partition wall (246) is aligned with said 
first partition wall (240). 45 



8. The intercooler according to claim 7, characterised 
in that 

said bypass valve and said flow control valve are 
flap valves (248, 254) which are mounted on a same 
actuating shaft (250*), both flap valves (248, 254) 
being arranged at right angle with respect to each 
other. 



so 



9. The intercooler according to any one of claims 4 to 
8, characterised in that 

said bypass valve and flow control valve are each 
a flap valve associated with a valve opening; and 
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